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Available online 8 January 2017Environmental Impact Assessment (EIA) has the goal of providing decisionmakerswith an indication of the likely
environmental consequences of planned actions risking environmental changes and, when necessary, allowing
revision of these actions to mitigate adverse impacts. Here we provide an overview of the efﬁciency of EIA
with emphasis on Brazilian Amazonia and discuss the problems and challenges with this type of assessment in
highly diverse ecosystems. We concentrate on the methodology and performance of EIAs for three of the most
recent and largest infrastructure projects in Amazonia: the Belo Monte hydroelectric dam, the BR-319 Highway,
and the Juruti bauxite mine. We conclude that all of these EIAs fall short of properly assessing the expected im-
pact of infrastructure development in situ, and that their results had little or no effect on policy decisions. To im-
prove the reliability and usefulness of EIAs in biologically diverse ecosystems, we suggest three relatively fast and
cost-effective complementary approaches for assessing biodiversity: remote sensing, reﬂectance spectroscopy,
and DNAmeta-barcoding.We discuss how these emerging cutting-edge techniques can help in identifying envi-
ronmental threats and the consequences of different activities in Amazonia. The ability tomonitor the state of the
environment and the likely impacts of human activities on natural resources is fundamental to evidence-based
decisions ondevelopment choices, to thedesign of appropriatemanagement strategies, and tomitigate biological
and ecological consequences.
© 2017 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license (http://
creativecommons.org/licenses/by/4.0/).1. Background with information based on systematic environmental studies as well asEnvironmental Impact Assessment (EIA) can be deﬁned as a techni-
cal and legal system for assisting in environmentalmanagement and for
supporting sustainable development (Jay et al., 2007). The purpose of
EIA is the systematic identiﬁcation and evaluation of potential impacts
of proposed projects, plans, programs, or legislative actions, with
respect to the physical–chemical, biological, cultural, and socioeconom-
ic environment's components. EIAs also provide mechanisms for
amending development proposals when necessary and for mitigating
likely adverse impacts (Canter, 1996). EIAs thus supply decisionmakersO. Box 461, SE 405 30Göteborg,
er@gu.se (C.D. Ritter).
. This is an open access article underinform public opinion (included communicating through public hear-
ings) on the potential environmental impacts of such projects (Jay et
al., 2007). Brazilian EIAs are accompanied by the ‘RIMA’ (meaning “EIA
Report” or Relatório de Impacto Ambiental, in Portuguese), which is writ-
ten in a non-technical style addressed to non-specialists.
The purpose of the EIA is to ensure that decision makers account for
environmental impacts when deciding whether or not to proceed with
any project that may alter the natural environment of a place – such as
the construction of a factory, road, or dam. In some cases, the EIA may
lead to an outright rejection of a project or proposal, but the primary
goal is to mitigate environmental impacts while allowing for economic
development. Although EIAs are in a position to identify the main po-
tential environmental impacts, in practice it is not uncommon that
their inﬂuence on decision-making is limited (Jay et al., 2007).
Many approaches have been proposed for improving EIAs in order to
make themmore useful, robust, and efﬁcient. Examples include furtherthe CC BY license (http://creativecommons.org/licenses/by/4.0/).
162 C.D. Ritter et al. / Biological Conservation 206 (2017) 161–168training of practitioners, guidance on best and alternative practices, and
regular environmental monitoring (Jay et al., 2007; Toro et al., 2010).
Ferraz (2012) introduced 12 guidelines to assess environmental im-
pacts. He suggests the decisions about why, what, when and how to
sample should be made on a case-by-case basis' (Ferraz, 2012). Other
reviews, evaluations, and discussions have been made of EIAs in Brazil-
ian settings (e.g., Fearnside, 2015a; Fearnside andGraça, 2009;MPE-RO,
2006; Nitta and Naka, 2015), as well as in other countries (e.g., Barker
and Wood, 1999; Toro et al., 2010; Wang et al., 2003).
Brazil is the world's 5th largest country both in terms of area and
human population size. It is furthermore the country with the largest
number of extant species described (UNEP-WCMC, 2016). Brazil's
1989 environmental legislation (see Appendix 1 in the Supplementary
online material for a more extensive historical account) requires an
EIA for numerous potentially polluting activities, but it is surprisingly
vague regarding the demands for licensing each of these activities. For
example, the legislation that regulates the biotic environment requires
consideration of the “…biological environment and natural ecosystems -
the fauna and ﬂora, highlighting the environmental quality indicator spe-
cies, scientiﬁc and economic value, rare and endangered species and
areas of permanent preservation” (Art. 6o CONAMA resolution 01/86:
CONAMA, 1986). However, there are no clear deﬁnitions of these spe-
cies' categorizations. In practice, the biological components of Brazilian
EIAs are performed as rapid inventories of speciﬁc groups (usually ver-
tebrates, vascular plants and, in some cases, arthropods). Focus is given
to rare, endemic, and/or threatened species. These studies are perhaps
appropriate in fragmented landscapes and in areas for which extensive
biological information is already available, notably in somewell-studied
fragments of Brazil's Atlantic rainforest near populated areas. In con-
trast, such cursory approaches are inadequate in megadiverse environ-
ments and understudied areas, such as the Amazonian rainforest
(Ferraz, 2012; Peres, 2005).
The Amazon Basin comprises the largest tropical forest in the world,
encompassing 5.5million km2 and accounting for approximately 40% of
the rainforests and possibly 40% of all extant species on the planet
(Hansen et al., 2013). It also holds 15 to 20% of the global freshwater
supply (Salati and Vose, 1984). Amazonia provides essential environ-
mental services to the world such as maintenance of biodiversity,
water cycling, and carbon stocks (Fearnside, 2008; Ojea et al., 2012). Fi-
nally, Amazonia is fragile: relatively small alterationsmay lead tomajor
impacts (Malhi et al., 2008). Amazonia is therefore a relevant and im-
portant area for evaluating the current and potential role of EIAs at the
interface between ecosystem management and human development.
2. Environmental impact assessment in Amazonia
Here we assess three of the most recent and largest infrastructure
projects in Amazonia, with a particular focus on whether ecosystem
threats and potential environmental impacts were properly assessed
and in accordance with the EIA principles. We chose these projects be-
cause they included activities linked to some of the most signiﬁcant
threats in Amazonia and because these could have synergistic, detri-
mental effects. We also suggest faster and more cost-effective tools to
aid in the identiﬁcation and quantiﬁcation of biodiversity in highly di-
verse ecosystems. For more information about biological sampling and
impact assessment see Appendix 2 in the online Supplementary
material.
2.1. BR-319 highway (Fig. 1A)
The BR-319 is an 870-km long road connecting the cities of Manaus
and Porto Velho. The road was initially built in 1972 and 1973, but
cheaper shipping alternatives (such as barges along the rivers) resulted
in the road's trafﬁc being insufﬁcient to justify the high maintenance
costs. Due to the difﬁcult soil conditions (unstable clay, recurrent land-
slides), low economic importance, and high rainfall, the road quicklydegraded andwas abandoned in 1988 (Fearnside andGraça, 2006). Sec-
tions of the road at the southern and northern ends of the highwaywere
reconstructed and paved, but work on the central stretch was held up
until April 2015 when the euphemistically termed “maintenance” was
approved, amounting to the proposed reconstruction in all relevant as-
pects except the ﬁnal paving.
In 2008, after the presentation of the ﬁrst version of the EIA for the
central stretch (between kilometers 250 and 656, a total of 406 km)
by the National Department of Trafﬁc Infrastructure (DNIT), the EIA
was rejected due to non-compliance with the terms of reference
established by the Brazilian Institute of Environment and Natural Re-
sources (IBAMA). TheMinistry of the Environment then created awork-
ing group to develop guidelines and to monitor the environmental
licensing of BR-319 (Brazil, MMA, 2008).
2.1.1. Prediction of impacts
Roads constitute one of the main drivers of deforestation in Amazo-
nia (Alves, 2010; Fearnside, 2015b). Studies indicate that 87% of the de-
forestation in Brazilian Amazonia occurs within 25 km of a highway
(Alves, 2001). Soares-Filho et al. (2006) used the SimAmazonia model
to estimate deforestation in the Amazon due to construction of the
BR-319. Their main conclusion was that reconstructing and paving the
highwaywould lead to deforestation of up to 39million hectares of for-
est and CO2 emissions exceeding 4.8 billion tons by 2050. In amore con-
servative study, Fearnside et al. (2009) estimated the deforestation
caused by the road to be in the order of 5.1 million hectares, and the
CO2 emission to be up to 950million tons. These studies only considered
the area along the highway route – essentially the interﬂuve between
theMadeira and Purus Rivers. However, the highway's potential impact
is much greater: a planned road (AM-366) branching off of BR-319
would give access to the large block of intact forest to the west of the
Purus River, opening a new frontier to deforestation and biodiversity
loss (Graça et al., 2014). Migration from Rondônia would presumably
not stop in Manaus at the northern end of BR-319, but would continue
along the existing road network in the states of Amazonas and Roraima.
A simulation of deforestation in Roraima suggests that the impact there
would be substantial (Barni et al., 2015).
According toNational Environmental Council (CONAMA) Resolution
1/1986, the EIA must “deﬁne the extent of the geographical area to be di-
rectly or indirectly affected by the impacts, called the area of inﬂuence of the
project, considering, in all cases, the hydrographic basin in which it is locat-
ed”. The direct inﬂuence area deﬁned by the EIA (in this case 5 km on
each side of the road, a total of 4057 km2) disregards important factors
such as degradation by illegal logging, forest conversion to agriculture,
and ranching due to the facilitation of access to areas that had been pre-
viously isolated.
The main area affected by BR-319 is the Madeira-Purus interﬂuve.
The area has one of the highest levels of species richness in all of Ama-
zonia (Py-Daniel et al., 2007), outstandingly high levels of endemism
(Ribas et al., 2011), and is still little perturbed. Indeed, even in the
21st century, new species in well studied groups such as mammals
(Röhe et al., 2009) and birds (Cohn-Haft et al., 2013) have been de-
scribed from this area. It is reasonable to assume that many more spe-
cies, biological interactions, and ecological niches await discovery and
formal scientiﬁc description. In the lower Madeira River region, more
than 60% of the area is considered “very important,” 39% is considered
a “priority for establishing conservation units,” and 19% as a “priority
for conservation” (Câmara Legislativa, 2016).
Themain arguments for the construction of this road are to facilitate
production in theManaus industrial pole, connectingManaus to the rest
of Brazil through a highway system (UFAM, 2009: Vol. 1). Counterargu-
ments include increased deforestation, loss of natural resources and
biodiversity, increased carbon emissions, impacts on indigenous popu-
lations, swelling human populations through migration, overload of
urban services, and the high costs of road maintenance (Fearnside et
al., 2009). The EIA does not present economic evidence to justify the
Fig. 1.Map showing the three large Amazonian infrastructure projects discussed here. A: The Madeira-Purus interﬂuve, highlighting the portion of the BR-319 road that is proposed for
reconstruction. B: TheDirect Inﬂuence Area (DIA) and Indirect Inﬂuence Area (IIA) of the BeloMonte Dam; the circle shows the Tucuruí reservoir on the Tocantins River. C: TheDIA and IIA
of the Juruti bauxite mine site.
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cost of shipping containers fromManaus to São Paulo using the current
systemof barges carrying truck trailers to Belém followed by road trans-
port on the existing highways to São Paulo is cheaper than their trans-
port via the BR-319 would be (Fearnside and Graça, 2006).
2.2. Belo Monte Dam (Fig. 1B)
Originally named Kararaô, the BeloMonte Damwas planned already
in the 1970s and 1980s by the Brazilian government, together with ﬁve
other hydroelectric facilities to be installed in the Xingu River basin in
southeastern Amazonia. In 1975, 14 possible damming locations were
presented. Surprisingly, as stated in the EIA, social-environmental
criteria were not used as a basis for the decision on where the dam
should be placed. In 1989, the ﬁnal environmental impact study was
concluded for UHE Kararaô (CNEC/ELETRONORTE, 1989; Brazil,
ELETRONORTE, s/d [2002]).
In 1994, the original plans for Kararaôwere changed and a new Belo
Monte Task Group was created to update and complement the feasibil-
ity and the environmental impact studies. Work on the EIA began in
2000, and a draft was completed in 2002 (Brazil, ELETRONORTE, s/d[2002]). It was not until 2006 that the work on the EIA resumed again,
and it was ofﬁcially concluded and presented to IBAMA in 2009
(Brazil, ELETROBRAS, 2009). However, IBAMA considered the studies
incomplete, and the same year the public attorney's ofﬁce requested
an injunction to “Declare as null and void the administrative act of ac-
ceptance of the EIA/RIMA delivered by IBAMA” (MPF, 2008). The
licenses were granted despite non-compliance with IBAMA's require-
ments (Fearnside, 2012). The reservoir was ﬁlled in December 2015,
and the 233-MW supplementary powerhouse and the ﬁrst turbines of
the 11,000-MW main powerhouse are now being used commercially.
When the full capacity of 11,233 MW is reach, expected in 2019, Belo
Monte will be the world's third largest hydroelectric dam.
The axis of the main dam is located on the Xingu River, some 40 km
downstream of the city of Altamira. The electricity produced at Belo
Monte will enter the National Interconnected System (SIN). Some of
the power will be transmitted to users in northern Brazil through the
Tucuruí-Macapá-Manaus transmission line (Brazil, ELETROBRAS,
2009), but most will be sent by two transmission lines to Brazil's south-
east region for use in the country's largest consuming centers, including
São Paulo. The project triggered a heated debate, with numerous social
movements and indigenous leaders in Amazonia opposing the EIA,
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quately addressed (Winemiller et al., 2016).
2.2.1. Prediction of impacts
The Belo Monte EIA is descriptive rather than predictive, and it falls
short of proposingmitigating actions (Appendix 2 in online Supplemen-
tary material). The EIA further lacks analyses of synergistic effects, envi-
ronmental effects due to the human population attracted to the area,
increase in deforestation, and changes in the ﬂood cycle. It is important
to note that hydropower contributes to global warming by the large
amounts of methane produced when running rivers are transformed
into lakes with slow ﬂow rates (Fearnside, 2011, 2015c; Fearnside and
Pueyo, 2012). Additional indirect effects include deforestation in areas
around the project due the increase of human population. Furthermore,
energy production could well be lower than expected due to the alter-
ation of water ﬂow rates (Coe et al., 2009). Reduction of water volume
will also change the riverine ﬂora composition, which, in turn, is likely
to have a signiﬁcant impact on various animal species (cf. Benchimol
and Venticinque, 2014; Calaça et al., 2015) and other organisms that in-
teract with the ﬂora (Zeilinger et al., 2015).
The region of the Belo Monte Dam has rich biological and social di-
versity, including the Directly Affected Area (DAA). The DAA includes
all of the terrain that will be completely or partially inundated by the
primary reservoir and the adductor channels, and also includes the
100-km “reduced ﬂow” river stretch between the main dam and the
main powerhouse. These areas include caves (e.g., the Kararaô cave,
the second largest cave considered in the EIA, which has the highest
species richness) and the Tabuleiro do Embaú archipelago. Both of
these have been recognized as sites of “extremely high biological impor-
tance” (Brazil, MMA, 2007). The same report considers the “Volta
Grande” (“Big Bend”) area along the “reduced ﬂow” stretch to have “ex-
tremely high biological importance”. This area was not ofﬁcially consid-
ered as DAA, but it will also be directly impacted. The EIA points to the
presence of many endemic species (Brazil, ELETROBRAS, 2009: Vols.
18 and 19). We argue that biological and social impacts of the dam
should be reanalyzed andmitigationmeasures should be re-considered
in light of the results.
The Direct Inﬂuence Area (DIA) for the physical and biotic environ-
ments corresponds to approximately 5% of the Xingu River basin,
amounting to over 26,000 km2 (Brazil, ELETROBRAS, 2009: Vol. 7.5, p.
3). The DIA also encompasses surrounding areas thatmay be directly af-
fected by implementation and operation of the BeloMonte Dam (Brazil,
ELETROBRAS, 2009: Vol. 6.1, p. 4). Most importantly, the DIA does not
include the synergistic effects of others dams and activities that are like-
ly to follow as a result of building Belo Monte (e.g., Fearnside, 2006).
Concerning social impact, the DIA underestimates the population in
this area in that it considers the average number of inhabitants per
square kilometer to be 3.14. This is a methodological mistake, and the
average should be about twice as large – 5.5 to 7 people (Magalhães,
2009). In addition, the DIA should have been larger also for the reason
that these populations inhabit various locations that were not consid-
ered in the initial estimates. For example, the “Juruna do Paquiçamba”
and “Arara da Volta Grande” indigenous lands are not inside the DIA,
but studies on the effects of river ﬂow reduction indicate that the inhab-
itants of these areas will no longer be able to maintain their livelihoods
(Dugan et al., 2010; Richter et al., 2010). Of the ten indigenous areas di-
rectly affected by the project, only two are within the DIA. The project
will change the ﬂow of the Xingu River in this stretch, causing biological
impacts and affecting all human populations that depend on the river
(Magalhães, 2009).
2.3. Juruti mine (Fig. 1C)
The Juruti bauxite project began in 2000, when Alcoa, amultination-
al corporation in the aluminum industry, acquired Reynolds Metals. In
2001, Alcoa started surveying mineral deposits in the municipalities ofCapiranga, Guarana, and Mauari (Alcoa, 2004). In 2005, the Federal
Attorney's Ofﬁce (MPF) and the State Attorney's Ofﬁce of Pará (MPE-
PA) issued a recommendation to the State Secretariat of Science, Tech-
nology and Environment (Sectam) to cancel the licenses of Omnia
Ores, an Alcoa subsidiary, for mining bauxite in Juruti (MPF and MPE-
PA, 2005). Problems in the EIA/RIMA were observed by the Federal
Attorney's Ofﬁce and by the technicians of Sectam itself, which issued
anopinion pointing out gaps (SEMAS, 2005). In spite of all these compli-
cations, the State Environmental Council conceded preliminary authori-
zation for installation licenses (SEMAS, 2005). Alcoa was subsequently
accused of omitting and distorting information in the EIA/RIMA (MPF,
2005). However, Sectam has yet to enforce such a cancellation, and
the document produced by the Federal Attorney's Ofﬁce (MPF) lists 20
considerations that compelled the government to withdraw the
company's right to extract bauxite in Juruti, at least until the licensing
concerns had been addressed (MPF and MPE-PA, 2005).
Surprisingly, in 2009 Sectam issued the operation license to Alcoa.
Being opposed to granting the Operation License, the State Attorney's
Ofﬁce of Pará (MPE-PA) and the Federal Attorney's Ofﬁce (MPF) jointly
initiated a civil lawsuit to cancel the license. They demanded a complete
list of environmental protection measures as well as compensation for
the local populations affected by the plans (MPF, 2005). The State Secre-
tary of the Environment stated that there was no reason to cancel the
licenses, and claimed to have made 54 requests for adjustments and
new conditions for licensemaintenance (Wanderley, 2009). Bauxite ex-
traction by the Alcoa group began in 2009. The goal was tomeet the de-
mand from “Consórcio de Alumínio do Maranhão” (Alumar), located in
São Luís in the state ofMaranhão,whichproduces both alumina andpri-
mary aluminum. The project involves an industrial complex with a
mine, railway, and river port.
2.3.1. Prediction of impacts
Mineral exploitation causes environmental damage that is difﬁcult
to quantify. Because this kind of commodity is a non-renewable natural
resource, the balance between economy and sustainable development
is problematic, and the restoration of land after bauxite mining is com-
plicated: even after 13 years of restoration another bauxitemine in Pará
had reduced crown coverage, tree basal area, mean canopy high, aver-
age litter, humus depths, and wood density (Parrotta and Knowles,
1999). The planned activities at Juruti are likely to introduce signiﬁcant
and long-lasting environmental changes, including alteration of
groundwater, air pollution, soil degradation, impacts on fauna and
ﬂora, changes in drainage, depletion of water resources, siltation, ero-
sion, mass movement, slope instability, and land fragmentation
(Barreto, 2001). In addition, there are subjective impacts that are difﬁ-
cult to quantify, such as the loss of a river considered as sacred by indig-
enous communities. Indirect impacts of the aluminum industry,
especially electricity supplied to smelters from hydroelectric dams, are
enormous (Fearnside, 2016a).
The fauna sampling of the Juruti project's EIA (CNEC, 2009) underes-
timates mammal, bird, and herpetofauna species due to a sampling de-
sign that was relatively limited in time and space; at least the double
number of species reported would be expected for these groups (see
Appendix 2 in the Supplementary Online Material). The EIA's surveys
of species are problematic because most of the threatened species are
likely to have small population sizes or to have restricted distributions
(Gaston, 1994: Chapter 1, p. 2). A large sampling effort with spatial
and temporal replication is necessary to register the rare species in an
area (Cerqueira et al., 2013).
The Direct Inﬂuence Area (DIA) of the physical-biotic environment
(Fig. 1C) comprises close to 173,000 ha and covers the following
areas: (1) ore mining areas (open pit) located in the Capiranga, Mauari,
and Guarana municipalities; (2) installation areas of the processing
plant structures and the ore transportation system: crushing, washing
plant, screening, ﬁltering and drying, storage yard, ore transport system,
water pipelines, and the line for transport and deposition of waste; (3)
165C.D. Ritter et al. / Biological Conservation 206 (2017) 161–168local access infrastructure and internal circulation and ﬂow of produc-
tion; local road and port infrastructure system; (4) the Juruti Grande
stream and tributaries from its dammed stretch to its conﬂuence with
the Amazon River; (5) the right bank of the Amazon River, the stretch
between the Serra de Parintins, which is in the portion contained in
Para state (upstream) and the urban seat of the municipality of Juruti
(downstream); and (6) the urban area of the Juruti project and sur-
roundings, including Lake Jará.
3. Improving EIAs: complementary strategies for biodiversity
assessment
The three large infrastructure projects discussed above share similar
problems regarding the proper assessment of biodiversity, which is one
of themain components of EIAs. Hence, the development and validation
of new methods for faster, more comprehensive, and more cost-effec-
tive biodiversity assessments is crucial. We selected three emerging
and cost-effective methods that are being developed and tested for
use in biological identiﬁcation of taxa in different environments, includ-
ing areas of high and poorly characterized biodiversity. Below follows a
brief description of these techniques, their prospects and limitations,
and how they could be applied in the EIA context.
3.1. Satellite remote sensing (SRS)
Satellite images allow researchers and practitioners to monitor the
landscape in a relatively inexpensive way, once the satellite infrastruc-
ture is implemented and made available. With the combination of sev-
eral kinds of data, stemming from sources such as Landsat, QuickBird,
and Polar-orbitingOperational Environmental Satellite (POES), it is pos-
sible to access information captured by sensors on board satellites
(Strand et al., 2007). Monitoring land cover, land-use dynamics and cli-
mate variables is straightforward using SRS. Over the past 30 years there
has been a signiﬁcant increase in the use of these tools by environmen-
tal professionals working with areas under increased anthropogenic
pressure (Duro et al., 2007; Gillespie et al., 2008; Horning et al., 2010).
Case studies to help identify ecological issues that can be informed by
the use of SRS are accumulating (Pettorelli et al., 2014). SRS studies
canmonitor large areas in a consistentmanner andmaybeupdated reg-
ularly, typically several times per year (Strand et al., 2007). SRS has a va-
riety of uses, such as identifying broadleaf species in urban forests (Pu,
2009), identifying some tropical rainforest trees at the species level
(Clark et al., 2005), and assessing biochemical and physical characteris-
tics related to key ecological processes such as carbon cycling, changes
in land use, and ﬁre (Goetz et al., 2015). It is even possible to monitor
basic ecosystem dynamics (Ustin et al., 2004). Although these advan-
tages render the use of SRS techniques promising, there are several lim-
itations. These include low taxonomic resolution, differences in results
depending on the technique applied, difﬁculties in locating small-scale
changes over large areas, and the need for large computational re-
sources for data analyses and storage (Bensana et al., 1999; Goetz et
al., 2015).
3.2. Species spectral signature
Near-infrared reﬂectance spectroscopy (NIRS) offers an enormous
but largely unrealized potential to identify plant species in a rapid and
cost-effective way (Foley et al., 1998), since it is capable of discriminat-
ing herbarium samples at the level of species or even variety (Xu et al.,
2009). Infrared spectroscopy has been used in a variety of research
ﬁelds, including taxonomy and ecology. For example, Fan et al. (2010)
correctly identiﬁed 83–91% of Ephedra species in this way. For
Lecythidaceae, over 96% of the species were correctly identiﬁed in two
terra-ﬁrme (unﬂooded upland) Amazon forests (Durgante et al., 2013).
The technique was further validated in young and old trees of
Lecythidaceae species with a precision of 75% (Lang et al., 2015). ForEucalyptus species, the accuracy was 100% (Castillo et al., 2008). Further
research is needed to determine accuracy at different taxonomic levels
(e.g., families, genera, and species) in plant groups that have not yet
been surveyed, including those with high morphological similarity
among species.
3.3. DNA metabarcoding
Metabarcoding is a rapid method of biodiversity assessment that
combines two technologies: DNA barcoding and high-throughput
(also called ‘next-generation’) sequencing. This technique is becoming
a popular and useful tool for taxonomic identiﬁcation of species in di-
verse environments. Although signiﬁcant success has been achieved
for animal DNAbarcoding (e.g., Hebert et al., 2003) andmicroorganisms
in general (e.g., Chariton et al., 2010; Porazinska et al., 2009; Zinger et
al., 2009), this method has yet to be validated in tropical megadiverse
environments with many closely related species. Kress et al. (2009)
identiﬁed tree and shrub species from a forest plot on Barro Colorado Is-
land with 98% correct identiﬁcation using a three-locus plant DNA
barcode; however, this forest is composed mostly of distantly related
species. In another study, Gonzalez et al. (2009) used an eight-locus
barcode system for a species-rich tropical forest in French Guiana.
They obtained a rate of correct species identiﬁcation below 70%, show-
ing the need for more studies in these areas and perhaps hinting at the
need for improved plant barcoding protocols.
Although metabarcoding may occasionally suffer from issues with
taxonomic identiﬁcation of individual species, it allows us to describe
and analyze patterns of species diversity within an ecosystem without
relying on individual specimens or individual parts. Identiﬁcation of
plants is usually a time-consuming, above-ground exercise, but the in-
formation contained in the soil could both complement above-ground
data and be used to estimate components of plant diversity over longer
temporal scales (Yoccoz et al., 2012). Furthermore, with soil sampleswe
can access with high precision the biodiversity of microorganisms such
as bacteria (Zinger et al., 2009), nematodes (Porazinska et al., 2009),
micro-invertebrates (Chariton et al., 2010), and fungi (Tedersoo et al.,
2014), which together constitute a large proportion of the world's bio-
diversity (e.g., Amman et al., 1995; Hamilton et al., 2010).
Other shortcomings of traditional taxonomic inventories are the
need to ﬁnd organisms in adequate shape for identiﬁcation at the time
of sampling (e.g., plants with reproductive parts), and the fact that
some species are rare and hard to ﬁnd in short sampling periods (ter
Steege et al., 2013). In comparison, DNA ismore sensitive to small quan-
tities of biomass and can linger in the environment for months after the
organisms leave or die (Yoccoz et al., 2012). A biodiversity assessment
approach based on soil DNA could be potentially applied over large
areas or at high densities, forming a highly standardized sampling effort
thatwouldmake the studies and sites inter-comparable. Evenwithout a
complete reference database for species in a region, this approach
would yield directly comparable molecular operational taxonomic
units (MOTUs) (Stahlhut et al., 2013).
4. Future prospects
Reviewing priorities for conservation and making EIAs more strin-
gent are essential for the maintenance of Brazilian and Amazonian bio-
diversity. Unfortunately, instead of improving EIA policies and
methodology, a committee of the federal senate in Brazil approved a
Constitutional Amendment Proposal (PEC 65/2012) stating that no pro-
ject should be suspended or cancelled once an EIA has been submitted
(Senado Federal, 2016a). The proposal has been returned to the com-
mittee, but could be released for a vote of the full senate at any time.
In addition, a proposed law (PL 654/2015) that would essentially elim-
inate EIAs for “strategic” projects has also been approved in committee
and awaits a full senate vote (Senado Federal, 2016b; Fearnside, 2016b).
166 C.D. Ritter et al. / Biological Conservation 206 (2017) 161–168Economic pressure is the biggest obstacle to effective implementa-
tion of EIAs. Companies often consider the EIA merely as a bureaucratic
step, and several lobbying projects are currently attempting to reduce
requirements and shorten the execution of EIAs in Brazil. As an example,
it took less than a month after the biggest environmental disaster in
Brazil's history - the rupture of a mine-tailings dam in Mariana, Minas
Gerais, which in November 2015 released approximately 60 million m3
of iron ore tailings into theDoce River - before the state government ap-
proved a project to reduce the EIA requirements for mineral exploita-
tion (Câmara dos Deputados, 2011, 2013).
It is clearly necessary to undertake a sampling effort in the area to be
affected to achieve a reliable sampling of biodiversity data, since our
current knowledge of the distribution of biodiversity is highly spatially
and taxonomically biased (e.g., Maldonado et al., 2015; Meyer et al.,
2016), precluding a simple taxon occurrence information download
from databases as a substitute for a physical sampling effort. Sampling
efforts are, however, usually constrained by the available time, by logis-
tical difﬁculties, and by costs. The sampling design needs to be appropri-
ate for the speciﬁc goal and for the study area (Ferraz, 2012). These
sampling programs need to include experts on different taxonomic
groups and the programs need to include a variety of techniques in
order to sample as much of the local biodiversity as possible. However,
these differences in sampling techniques also imply that results across
studies will be difﬁcult to compare, and their reliability is difﬁcult to as-
sess a posteriori. The results fromEIAs need to be analyzed in the light of
knowledge from the literature and to be peer-reviewed by unbiased in-
dependent experts. Finally, the use of emerging technological tools to
complement biological assessments could help to produce more com-
parable and biologically reliable results, greatly improving the use of
EIAs to promote environmentally sustainable development.
5. Conclusions
The current EIA system in Brazil is very general and imprecise in its
requirements. Usually EIAs are extremely limited in their spatial and
temporal scopes. Furthermore, many Brazilian environments are in ur-
gent need of biological characterization, not only for assessing and
documenting biodiversity but also to provide suitable baselines for
comparison between essentially pristine and altered environments.
EIAs often fail to deliver a proper description of the species composition
and the characterization of the abiotic environment such as the quality
of the soil andwater. EIAs in Brazil are still descriptive, and little is done
to identify potential impacts and suggest mitigation strategies.
Many aspects should be considered to improve the quality of EIAs in
Brazil: improving the capacity of researchers and practitioners, making
the formal requirements in EIAs more speciﬁc and biologically sound,
providing an improved deﬁnition of the terms of reference (the docu-
ment that sets the minimal assessment necessary in each project), and
requiring amore thorough inventory of the species in the areas to be di-
rectly and indirectly affected by new infrastructure projects.With these
improvements, future studies are likely to becomemore analytical, less
descriptive, and of enhanced usefulness.
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